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ABSTRACT 

The characteristics of French nasal vowels in the 
case of various CVCV combinations are studied^ A set of CVCV 
utterances was read by speakers (5 males and 5 females) and analyzed 
using predictive coding techniques. The consonant consisted of voiced 
stopsr unvoiced stopsr nasal consonants*., while the vowel V was one 
of 4 nasal French vowels. Vowel acoustic features such as formants 
and bandwidth frequencies^ intensity, fundamental frequency and 
duration are studied. Host of the results obtained are in accordance 
with the acoustic theory. Differences between nasal and nasalized 
French vowels seem significant and the French nasal vowel 
characteristics seem as stable as those of the oral vowels. 
Application to speech synthesis and recognition is discussed. 
(Author) 
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INTRODUCTION 



A theoretical and experimental study of the four french nasal vowels is 
presented. These vowels are : [a] as in "chant", Ce] as in "fin", C(i] as in 
"brin" and Co] as in "bon". The behavior of poles and zeros of the transfer 
function of the vocal tract when it is coupled to the nasal tract is investi- 
gated. A computer simulated transmission line model of this coupled system is 
used. The analytical study of these four vowels is done first by a graphical 
method which consists of styding the reactances, as seen at the coupling point, 
of the pharynx and mouth, on the one hand, and the nasal cavity on the other 
hand. Th^ principle of this method is already described by FANT ['] and 
FUJIt^RA [Ml^l . Secondly the overall transfer function of the coupled sys- 
tem is investigated for the four nasal vowels. 

Otherwise, 36 CVCV utterances spoken- by si-x different speaJcers were 
analysed using linear prediction techniques . The obtained results are in 
accordance with the theoretical analysis. 



RESULTS OBTAINED BY SIMULATION 

The reactance of the pharynx and mouth, X^p, as seen from the coupling 
point is calculated using a transmission line model of the vocal tract coupled 
to the nasal tract. As an initial step, we assume that the nasal vowels Ja]-, 
Co], Coi]and Ce], are produced by the same vocal configurations corresponding 
to the oral vowels Ca], Co], Cce] and Ce] respectively, bub with a high degree 
of coupling with the nasal cavity. The used area functions corresponding to 
the four french oral vowels were taken from BOE [*] , while the nasal cavity 
dimensions are those used by HOUSE and STEVEKS [M . The driving point reac- 
tance of the nasal cavity, Xn, is calculated for four different degrees of 
coupling. Differences between the approximated area functions adopted and 
the real configurations refered to by DELATTRE [*] are being studied. 
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For e^ch of the four freneh vowels, we calculated Xmp which is then 
plotted with the curves representing -X^ for four different degrees of coupling. 
Slide [1] shows the case of the vowel Ce] . The coordinates for which Xmp is ■ 
infinite corresponds to the formant frequencies F, , F'2, F3 of the corresponding 
oral vowel, men the nasal cavily is added, the intersection between X^p and 
-Xn gives the new oral formant frequencies FJ, F', FJ and two nasal formants 
Fin. F2N. We notice that there are two nasal antiformants Ain and A2N "here 
Xn is zero. In other words, the addition of the nasal cavity introduces two 
nasal pole-zero pairs in the considered frequency range. 

As seen from slide [ I] , the first nasal formant Fin is quite stable and 
depends to a large extent on nasal cavity characterictics . On the contrary, 
the first oral formant frequency F| varies a lot with changes in the oral or 
nasal characteristics and is higher than Fi of the corresponding oral vowel. 
On the other hand, the second formant F' is practically the same as F2 and 
is not sensitive to changes in the amount of nasal coupling or the nasal 
characteristics. For this nasal vowel, the effect of the second nasal pole ^ 
and zero is expected not to be veiy important since the zero is in the vicinity 
of the pole. We can conclude that nasality distinctive features for the nasal 
vowel Ce] are to be found mainly in the first and third formant range and prac- 
tically nothing in the 2nd formant range. 

For the nasal vowel Ca], slide [2], the first nasal formant FiN is stable, 
whereas the position of the first nasal zero Ain and that of the first oral 
formant F[ are sensitive to the degree of coupling. Ain gets nearer to F| 
as the degree of coupling increases and, consequently, the amplitude of F| 
could be strongly weakened. The second oral formant frequency F' is practi- 
cally the same as that of the corresponding oral vowel F2 and does not vary 
with changes in the coupling degree or in nasal characteristics, f; is higher 
than F3 and the role of the second nasal pole-zero pair is more important for 
this vowel than for the previous one. Moreover, the second nasal pole is sen- 
sitive to the degree of coupling whereas the corresponding zero is approxima- 
tely fixed and is characteristic of the nasal cavity. This situation is the 
inverse of that presented by the first nasal pole-zero pair where the pole 
remains fixed and the zero varies with coupling. These results were verified 
to be valid for different configurations of the nasal cavity. 
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For the vowel [3], slide [3l> the second formant F2 is low compared with 
the other vowels considered. Accordingly, with nasal coupling the first for- 
mant can disappears due to two effects : either a nasal antiformant Ain» near 
Fi or F{ which joins F^ . Consequently no detection of the first oral formant 
F* is expected in the case of this nasal vowel. 

Finally, slide [h] shows the results obtained for the vowel Coe] . Here, 
the same situation as for the vowel [e] is obtained with the exception that 
for the vowel [oe] the first nasal formant frequency Fuj could be higher than 
Fj (because of the low value of Fi ) . 

In summary, the following remarks can be stated concerning the four 
french nasal vowels studied : 

1. a stable nasal formant Fin and a stable nasal antiformant A2N are obtained 

for a given nasal cavity and different de'gr^es of coupling. These two 
features are speaker characteristics. 

2. the oral first formant frequency F| is higher than Fi ; this formant is 

xinstable and could disappear as in the case of the vowel [o]. 

3. a nasal antiformant AiN located between FiN and F{ is obtained. This nasal 

zero approaches F| as the coupling degree increases and, consequently, 
the amplitude of the first oral formant of nasal vowels is expected to 
be weak. 

U. the oral second formant F^ is very near F2 but its an5)litude could be diffe- 
rent . 

5^ the oral third formant F* is higher than F3 aiid depends on the degree of 
coupling. This dependance is less important than in the case of the 
oral first formant F| . 

6. the role of the second nasal pole-zero pair is more important for the back 
nasal vowels [a] and Co], than for the front nasal vowels Ce3 and [oe] . 

To study the behavior of poles and zeros of the coupled system from the 
spectral point of view, the transfer function of the four nasal vowels were 
calculated for different degrees of coupling (the radiation at the mouth and 
nostrils vere taken into account). Slide [5] shows- the result for the vowel [a]- 

5 



The only losses included are those due to the radiation impedances and to 
viscosity. TL. degree of coupling is determined by the first t|/o sections. 
The combined output has a well defined first nasal pole and ze^o. When 
compared to the calculated spectrum of the corresponding oral fowel, we 
find that in addition to the nasal pole-zero pair, there is an upwards 
shift of the first and third oral formants from 620 Hz to 8lO Hz and from 
2090 Hz to 2li»0 Hz respectively. The second oral formant remained unchanged. 
The presence of the second nasal pole-zero pair is not well defined. 



ANALYSIS OF NATURAL FRENCH VOWELS - RESULTS AND DISCUSSION 



Using linear prediction techniques ['], 36 CVCV combinations were 
analysed. The consonant "c" consisted of voiced stops Cb] Cd] Cg], unvoiced 
stops Cp3 Ct] Ck] and nasal consonants Cm] Cn] C/t] ; while the vowel "v" was 
one of the four french nasal vowels Cal [o] Cci] Cil. The. analysis was done 
for six speakers : five males and one female. The middle of the first vowel 
of each of the 36 utterances was analysed. The formant frequencies and band- 
withs as well as the fundamental frequency were computed. The duration of 
the first vowel is also mesured. For comparison purposes, the same parameters 
were calculated for the four corresponding oral vowels for one male speaker. 

Slide [61 gives the average over five male speakers of the results ob- 
tained for each nasal vowel classified with respect to consonantic context. 
The first three oral formants and the first nasal formant with their corres- 
ponding bandwidths are indicated. The standared deviation for each case is 
given between parenthesis. From there data, the following remarks can be 
stated : 
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SLIDE [6] - Formants and bandwidths of nasal vowels averaged over five male speakers. 
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1. There is a distinct nasal formant Fin of the four nasal vowels . 

which is around hOO Hz. The corresponding standard deviation is found 
to be large when averaged over the five speakers, nevertheless, it is 
quite low for each speaker alone . This means that the first nasal for- 
mant is a characteristic of a given speaker and mainly depends on the 
nasal-tract dimension. 

2. The oral formants F{ , .F^J, F^ are always detected for these nasal vowels 

except for the first oral formant F| of the vowel Co]. 

3. For some french speakers, there is an unstability in the pronunciation 

of the nasal velar consonant Cfi] as in "signe". This is reflected in 
the high standard deviation of the oral formants corresponding to this 
case . 

Slide [T] shows, for one speaker only, the obtained results for the 
four nasal vowels and their corresponding oral vowels. It is very 
interesting to notice the stability of the nasal formant for all the nasal 
vowels, while the first formant F{ varies much more than Fi of the correspon- 
ding natural oral vowels. This unstability of the first oral formant can be- 
deduced from the higher standard deviation for the, nasal vowels. It can 
also be deduced comparing changes in FJ and Fi from one consonantic context 
to another. These changes are more important for nasal vowels slide [8]. 

This phenomena is not noticeable in the case of the second formant 
(slide [9]) whereas for the thirs formant it exists but not as prominent 
as for the first formant. 

A plot of the bandwidths B| of the first oral formant for the nasal 
vowels in comparison with those of the corresponding oral vowels (slide [10]), 
shows that a wider bandwidth is a characteristic feature of nasal vowels. 
This aspect can be used in nasal vowel recognition. 

On the last slide [Hi, we have shown for one female speaker and one 
.male speaker the averages and standard deviations of the nasal and oral for- 
mants for each of the four nasal vowels. We notice that the remarks already 
stated are also valid for the female speaker. The nasal formant is characte- 
ristic of the speaker and is approximately the same (with small standard de- 
viation) for all .four nasal vowels whether the speaker is male or female. 
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a/ Formants and bandwidths of nasal vowels for speaker R.C. 
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SLIDE [8] - First oral formant for nasal and oral vowels (speaker : R.C. 
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- First formant bandwidtii for nasal and oral vowels (speaker : R.C.) 
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O SLIDE I 11 ] - Nasal voweil formants for male and female speaker 
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other features analysed are the duration of the nasal vowels which is 
found to ba one to two times longer than that of the oral vowels. 

Another result realtes to intrinsic pitch. Contraiy to the case of oral 
vowels [«] . the f£daxnental frequency for the four nasal vowels was found to 
be the sanie on the'average . This result could be explained by the coupling 
between the supragK^ttal cavities and the vo-cal source [*] . Other experiments 
are needed to verify this explanation. 



CONCLUSIONS 



The obtained experimental results are in complete agreement with the 
theoretical study developed by simulation. This study enables us to summarize 
the acoustic aspects of french nasal vowels as follows.: •« . 

1. two nasal pole-zero pairs are introduce in the first and third formant regions 

2. a stable nasal formant F,n is characteristic of the individual speaker 

3. oral first and third formants Fj, f; have a higher frequency and are less 

stable than those of the corresponding oral vowels. Otherwise", F> is as 
stable as Fa ; 
h. F' disappears in the case of the .nasal vowel [o] ; 

5. nlsal vowels have higher formant bandwidths than their corresponding oral 

vowels especially for the first formant F| ; 

6. the duration of nasal vowels is longer than that of oral vowels in the same 

context i 

7. all nasal vowels have about the same fundamental frequency. 

In conclusion, these results can be used in speech recognition where the 
nasal vowels can be detected by their formant. pattern and by means of bandwxdth 
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Some of the found aspects, particularly Fijj, depend on the speaker and 
consequently can be used for speaker recognition. 

In synthesis systems these data enable us to synthesize accurately 
nasal vowels. The four vowels were synthesized using a digital formant 
synthesizer having .one nasal pole-zero pair. The obtained sound? are easily 
recognisable. However, we think that for french nasal- vowels, an additional 
nasal pole-zero pair would improve the quality of these vowels. Each vowel 
is recorded four times and they are presented in the following order Ca], 
Ce], Co5] , [3]. 
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